Abstract. Since the Brundtland report in 1987, the concept of sustainable development (SD) has become better known and has caused organizations to be more concerned about environmental issues. Therefore, organizations have adopted three pillars of sustainability: social, economic, and environmental, to reduce the negative impacts upon the environment from their operations. Not only do business organizations implement the concept of sustainability, but higher education institutions also see the importance of sustainable development. Therefore, universities integrate the SD concept with their obligations teaching and research, in order to be responsible for their actions toward society and to promote environmental protection. Hence, this study aims to determine the critical factors of evaluating SD for achieving campus sustainability based on experts' perspective. The Fuzzy Delphi Method (FDM) is employed to screen the key critical factors to achieve campus sustainability through experts' consensus. The analysis result indicates "Healthy campus environment" is the most important criterion. It implies the environmental factors such as "Hazardous materials management", "Pollution prevention", and "Municipal solid waste management" should be first emphasized for universities in planning strategies to improve and strengthen their campus sustainability.
Introduction
Sustainable development (SD) was popularized in Our Common Future, a report published by the World Commission on Environment and Development (WCED) in 1987 [1] , also known as the Brundtland Report, in response to the environment crisis. The report states that humanity has the ability to make SD [2] . SD requires meeting the basic needs of all and extending to all the opportunity to fulfill their aspirations for a better life [3] . After the Brundtland Report was published in 1987, SD or the concept of sustainability has become increasingly relevant on the agenda of corporate executives [4] . SD is a change of process in which societies improve their quality of life, reaching a dynamic equilibrium between the economic and social spheres, while protecting, caring for and improving the natural environment [5] . Thus, the usual model for SD is of three separate but connected rings of environment, society, and economy, with the implication that each sphere is, at least in part, independent of each other [6] .
Sustainable education provision was revealed as a major concept for the first time in "The United Nations Conference on the Human Environment" held on June 5-16, 1972 in Stockholm. The general content of this conference concerned the creation of inspiration and the giving of advice to the world community regarding the caring of the environment, the interdependency between humans and the environment, the distribution of wealth, and the notion of intergenerational equity. Specifically related to educational institutions, the Stockholm Declaration called for environmental education [7] . In the early 1990s, environmental sustainability declarations specifically developed for higher education are relatively new [8] . Environmental awareness on college and university campuses began with the celebratory consciousness-raising of Earth Day, 1970. Since then, environmental action on campus has been both global (in research and policy formation) and local (in efforts to improve the environment of specific campuses) [9] . Universities have a major role in education, research, policy formation, and in the information exchange necessary to make these goals possible; their operations may therefore have both positive and negative impacts on society as well as on the environment, and may immediately or gradually affect the future. Since universities are one of the most important parts in society, they have social responsibilities for creating a good standard of living which is sustainable in social, economic, and environmental spheres. They can be integrated into the body of knowledge which is considered the main factor in the education, research, policy development, information exchange, and community outreach in order to help create an equitable and sustainable future [10] .
In Thailand, SD issues have been emphasized and significant resources have been collected for projects in this field. For example, Maejo University has created its Energy Research Center in response to the critical economic situation caused by problems in energy resources. Suranaree University of Technology, the first autonomous university in Thailand, has also launched a campaign called "Green and Clean University" [11] . The examples given are consistent with the study of Touch and Boonlua [12] which compared the policies for establishing sustainable green universities in Thailand. That study found that universities focusing on the competition in sustainability seem to be making a good start in promoting the green universities' status.
According to Shriberg's [13] suggestion, the characteristics of assessment tools to achieve campus sustainability must address contextually appropriate issues of major importance to campus environmental, social, and economic effort and effect. Lozano [14] also suggests that the education category should also be incorporated into this concept. Therefore, the current study adopts the environmental management system (EMS) framework by Alshuwaikhat and Abubakar [15] to collect information regarding the degree of importance of campus sustainability factors from the experts in SD in order to construct the critical factors for campus sustainability.
Components for Evaluating Campus Sustainability
The goal of sustainability in a university can be accomplished by implementing an organizational structure. The proposed evaluation model of campus sustainability is developed from Alshuwaikhat and Abubakar's framework [15] as presented in Fig. 1 . Three main dimensions to achieve sustainability on university campuses are: University EMS (UEMS), Social responsibility (SR), Sustainability teaching and research (ST&R), which contain 8 evaluation criteria (32 sub-criteria/factors) in total. Each strategy has initiatives that lead to achievement of higher levels of sustainability.
Analysis of the Proposed Evaluation Model using Fuzzy Delphi Method (FDM) Background Information of Experts
The FDM questionnaire was designed and administered to 45 experts. The experts came from 3 sectors: academia, government, and industry. Furthermore, they had at least 5 years of working experience related to SD, which includes renewable energy, water, waste and recycling, risk and pollution, green transportation, sustainable transport, and so forth. The experts were Thai people. Thus, it was necessary to translate questionnaires into Thai language in order to avoid language misunderstanding. The questionnaires were needed to retranslate into English to ensure the accuracy of the translation. A total of 60 copies were distributed to experts, but 45 valid copies were returned.
Screening the Critical Factors Affecting Campus Sustainability by FDM
After establishing the initial structure of campus sustainability from the related literature review, the FDM was adopted to identify the important factors of campus sustainability which consisted of 32 sub-criteria (Fig. 1) . This study used the FDM developed by Ishikawa et al. [16] to analyze the data and perform the calculations of the max-min value by FDM analysis (Fig. 2) . The process steps of the FDM [16] are as follows. Source: Ishikawa [16] Firstly, calculate the cumulative distribution function F 1 (X) of the maximum degree of agreement and the cumulative distribution function F 2 (X) of the minimum degree of agreement for each assessment factor A i .
Secondly, calculate the respective lower quartile, median and upper quartile of both F 1 (X) and is the degree of importance of the subject. The overlapping part of the two functions is called the target value X* which refers to the "gray zone". Additionally, Fig. 2 shows that the cumulative distribution function F 1 (X) of the maximum degree of agreement and the cumulative distribution function F 2 (X) of the minimum degree of agreement both exhibit a gray area. Their respective gray areas are the overlapping areas of their respective lower quartiles, medians, and upper quartiles (C 1 
, X*, D 2 ).
From the above calculation, the predicted value X i of the assessment factor A i can be obtained. Then, generally, a threshold value is to be set by experts for screening the most important factors. The threshold value S shall define and determine the assessment factors suited to the study, i.e.:
If X i ≥ S, then A i will be accepted as the assessment factor. If Xi < S, then A i will be rejected. Environmental protection (STR32) 9 6 10 8 8.50 Climate change, poverty, and disease (STR33) 9 6 10 7 8.00 Greener innovation system (STR34) 9 6 10 7 8.00 Note: * indicates the sub-criteria with X * <8.00, which had been deleted. Table 1 summarizes all the results of the FDM analyses for each sub-criterion. The analysis result of the experts' opinion data using Max-min FDM, there are scores of all the factors X* ranging from 7.50~9.00. Thus, in this research, the threshold was set to be 8. After screening by FDM analysis for less important factors, the 32 initial factors of campus sustainability were reduced to 27 ones.
From the result, most of the experts' opinion indicated that the important factor having an impact on developing campus sustainability with the highest score (9) is "Hazard material management (UEMS11)". And most of scores in the next sequence is X*=8.5, which is higher than the threshold of 8, has 8 factors including "Pollution prevention (UEMS13)", "Municipal solid waste management (UEMS14)", "Energy efficiency (UEMS21)", "Green building (UEMS31)", "Stakeholders (SR13)", "Workshops (STR12)", "Administrative support (STR24)", "Environmental protection (STR32)". These are the factors that the experts believe to be important for developing campus sustainability.
In the criteria level, the experts give highest priority to "Healthy campus environment (UEMS1)", which consists of "Hazard material management (UEMS11) (9)", "Pollution prevention (UEMS13) (8.50)", and "Municipal solid waste management (UEMS14) (8.50)".
Summary
This study intends to collect information regarding the degree of importance of campus sustainability factors from the experts in SD in order to construct the critical factors for campus sustainability. The study referred to the related literature to compile experts' opinions for screening the critical factors affecting campus sustainability by FDM analysis, including 3 dimensions and 8 criteria (a total of 32 sub-criteria/factors). From the result, the experts' opinions indicate that the most important factor (sub-criterion) having an impact on developing campus sustainability is "Hazard material management". In the criteria level, the experts give highest priority to "Healthy campus environment". This is probably because the experts believe that a university is supposed to have safe and clean environment free of physical pollution, which is deemed as tangible physical environment.
Managerial Implications
According to the results of this study, some important implications are provided for university executives, policy planners, government agencies, and stakeholders to consider regarding SD as well as suggestions for achieving campus sustainability. Departments or interested parties who would like to be involved in "campus sustainability" can refer to the results of this study. For instance, with limited resources, the universities management should put much more efforts on reducing hazardous materials, enhancing pollution prevention, and dealing with municipal solid waste through effective and efficient strategies for strengthening their campus sustainability.
Future Research
Some suggestions for further studies are summarized as follows: 1.The current study uses the FDM to select the important critical factors affecting campus sustainability. For future work, it is recommended to adopt some other analytical methods, such as analytic hierarchical process (AHP) or analytic network process (ANP) to explore relative importance (priority) among the factors through paired comparison analysis. 2. Research of SD should collect questionnaire data and answers from experts with at least 10 years of experience, as it will reveal a better picture of the factors that affect SD. Further studies may also choose to include experts who are politicians and/or representives from NGOs departments. 3. Future researchers may refer to the priorities of "critical factors for achieving SD", analyzed by the current study in order to develop best practices and strategies of how each department should perform their work. This information is used that to adapt to fit various situations, with the purpose of strengthening the key strengths of specific departments. 4. The statistical tools such as Structural Equation Modeling (SEM) or Confirmatory Factor Analysis (CFA) can be applied to confirm the results of the study.
